Messenger RNAs for mouse embryonic globins were purified from yolk sac derived eyrthroid cells in mouse fetuses. Double stranded DNAs complementary to these messengers were synthesized and blunt end ligated to a EcoRI digested and DNA polymerase I repaired pBR322 plasmid. Of the ampicillin resistant transformants, one contained a plasmid with globin-specific cDNA.
INTRODUCTION
Studies on gene structure at the molecular level have given priority to examining DNA sequences (flanking and inserted sequences) which may be responsible for gene regulation. This is of particular interest in eukaryotes in which extensive tissue specific gene regulation is active wheVeas the existence of "operons" has so far been denied by genetic evidence. In particular, the mammalian globin gene system offers important clues for studies on regulatory gene sites because separate globin genes (e.g. gamma, delta and beta in humans) are differentially expressed in successive developmental stages and are sequentially arrayed on a same chromosome at positions which are too far apart (1) to suggest a common regulatory site. Recently we have studied globin gene expression in mouse embryos, in particular in the yolk sac derived erythrold population (2) . This erythroid cell line produces one alpha and one alpha-like (x) globin chain, two beta-like (y and z) globin chains, but no beta chains (3) . During a very strict developmental transition (day 12 of gestation) a new erythroid cell line appears in the liver which expresses only alpha and beta adult globin chains; by day 15 this new erythroid line has completely substituted the yolk sac derived population.
The study of the flanking and the inserted sequences of embryonic and adult globin genes in mice may offer valuable information concerning the regulatory gene organization in eukaryotes. We have undertaken recombinant DNA experiments aimed at the purification of each embryonic mouse globin cDNA. In this paper the cloning of z embryonic, beta-like, globin cDNA is reported.
MATERIALS AND METHODS

Purification of embryonic globin messenger RNAs (eg-RNA)
Yolk sac derived cells were isolated from fetuses at the 13th day of fetal development as previously described (4). Total cytoplasmic, poly (A) RNA has been fractionated by sucrose gradient centrifugation and a mixture of the four eg-RNA was isolated as previously reported (5) . These messengers are essentially pure by the criteria of Rot analysis and code only for embryonic globin chains in a wheat germ cell-free translation system (5). Synthesis of double stranded DNA complementary to eg-RNA Single stranded DNA complementary to eg-RNA (eg-cDNA) was synthesized essentially as described by Efstratiadis et al. (6) in a 800 |ilmixture containing 10 jug of template eg-RNA, 2 ug of primer oligothymidilic acid, 600 pi dATP, dGTP, dTTP and 200 uH dCTP, 2 nanomoles of 3 H-dCTP (Amersham 43 Ci/mmole), 50 mM
Tris-HCl pH 8.3, 60 mM KC1, 6 mM MgCl 2 , 10 mM dithiothreitol, 100 pg/ml actinomycin D, 150 units of AMV RNA dependent DNA polymerase, with a cDNA yield of 37% after 60 minutes incubation at 37°C. As measured by polyacrylamide gel electrophoresis in 99% formamide (5) at least 70% of the synthesized sequences were full sized. cDNA sequences smaller than 150,000 daltons were discarded after G-75 Sephadex gel filtration and after alkaline sucrose gradient centrifugation (7) and large sized eg-cDNA was concentrated by ethanol precipitation.
Double stranded DNA complementary to eg-RNA (eg-dsDNA) was synthesized essentially at> described by Efstratiadis et al. (8) and by Rougeon and Mach (9) to hydrolize the hairpin loop connecting the two strands. After 30 min incubation at 37°C the mixture was phenol-chloroform extracted .and sedimented through 5-20% sucrose gradient in 100 mM NaCl, 10 mM Tris-HCl pH 7.5, 1 mM EDTA at 30,000 rpm for 16 hours at 20°C in a Spinco SW41 rotor. Sequences sedimenting more than 7S (about 350,000 daltons) were collected, dialysed against 10 mM Tris-HCl, 1 mM EDTA pH 8.0 and concentrated by filtration in dry G-25 Sephadex. The size of eg-dsDNA was estimated by polyacrylamide gel electrophoresis in non denaturing (11) and in denaturing (12) conditions.
In preliminary experiments this type of essay was used to find the conditions of S 1 digestion which cleave the hairpin loop in the highest number of molecules without introducing nicks within the DNA molecule. Preparation of pBR322 for blunt end"ligation Closed circular pBR322 DNA was incubated for 60 min at 37°C in a mixture containing 100 pg/ml of plasmid DNA, 100 mM TrisHCl pH 7.5, 50 mM NaCl, 10 mM MgCl 2 and a concentration of EcoRI restriction endonuclease sufficient to convert the plasmid from the circular to the linear form, as monitored by electrophoresis on 1% agarose gel and by direct visualization under the electron microscope. EcoRI was heat inactivated and the DNA ethanol precipitated.
In order to repair the EcoRI cleaved ends, pBR322 linear DNA was incubated at 100 pg/ml with 5 units of E.Coli polymerase I in a mixture containing 120 mM potassium phosphate pH 6.9, 5 mM dithiothreitol, 8 mM MgCl 2 , 50 pM dATP, dCTP, dGTP and dTTP (13) . Blunt end ligation of the eg-dsDNA to the pBR322 plasmid Eg-dsDNA (12 ng) and the plasmid (200 ng) were incubated in a 20 pi incubation mixture containing 50 mM Tris-HCl pH 7.6, 5 mM MgCl , 2.5 mM dithiothreitol, 50 mM ATP, 1 mM tRNA and 0.1 units of T 4 ligase (generous gift of Dr. Sgaramella) especially prepared and tested for blunt end ligation. The reaction was allowed to proceed for 5 hours at room temperature. Transformation
The E.Coli HB 101 (a restriction derivative of K-2 hsn~, hrs , recA~, gal", pro", str ) was grown to an A 6Q0 of 0.6.
After centrifugation the cells were resuspended in half the volume of 50 mM CaCl.,, kept in ice for 15 min, pelletted and resuspended in 1/10 volume of the same solution. CaCl 2 treated cells (0.1 ml) were added to 10 pi of ligation reaction and to 50 pi of 10 mM Tris-HCl pH 7.5, 10 mM MgCl 2 and 10 mM CaCl 2> The transformation mixture was kept in ice for 30 min, at 37°C for 2 min and at room temperature for 10 min. Then 1 ml of Lbroth was added and the transfected bacterial suspension was incubated for 2 min at 42°C and for 1 hour at 37°C.
The mixture was plated in soft agar on agar plates containing ampicillin (20 pg/ml). Ampicillin resistant colonies, visible after overnight incubation at 37°C, were picked onto Millipore filters (HAW604700) for the colony hybridization method according to Grunstein and Hogness (14) . An independent screening procedure, adapted from ref. 15 and 16, was also used: cells from individual colonies were digested in 80 ug/ml proteinase K, 0.4% SDS at 40°C for 10 min, heated at 70°C for 20 min, electrophoresed in 1.2% agarose gel and transferred according to Southern (17) . Filter hybridization
Filter hybridization was performed in 450 mM NaCl, 45 mM Nacitrate, 0.02% ficoll, 0.02% polyvinylpirrolidone, 0.02% bovine serum albumin (18) , 0.2% SDS and 10 ug/ml of denatured E.Coli DNA at 68°C for 16 hours in the presence of 40 ng of P-cDNA (0.7X10 counts/rain x pg ) . Amplification and isolation of recombinant plasmlds A 100 ml culture of transformed bacteria was grown to a D g5Q of 1.0. Chloramphenicol (150 ug/ml) was added and the incubation continued for 18 hours. Cells were harvested and the crude lysate prepared according to ref. 19 . Plasmid DNA was separated from chromosomal DNA by banding in CsCl/ethidium bromide density gradients. Plasmid DNA was then treated with isoamyl alcohol to remove •ethidlum bromide and dialyzed extensively against 10 mM Tris-HCl pH 8.1 mM EDTA.
Restriction enzyme digestions and transfer hybridizations
Purified plasmid DNA (0.1 pg) was digested in 20 pi volume in ionic conditions and at enzyme concentrations which were shown to give complete digestions. All enzymes were purified and kindly supplied by Barbara A. Smith (M.R.C., Mammalian Genome Unit, Edinburgh). The plasmid restriction digests were electrophoresed in 2% or 2.5% Agarose gels, stained with ethidium bromide, photographed under ultraviolet light, alkali denatured and transferred to nitrocellulose paper essentially as described by Southern (17). Filters were then hybridized to 32 p eg-cDNA, as described above for colony hybridization.
Positive hybridization translation
In order to identify which globin chain was coded for by the inserted sequence, recombinant plasmid DNA was hybridized to a mixture of eg-RNAs; the hybridized (positive hybrids) and the non-hybridized (negative hybrids) mRNAs were separately eluted from the hybridization mixture, essentially as described by Harpold and coworkers (20) and translated in a mRNA depleted reticulocyte lysate (21) in the presence of S methionine (Amersham, 480 Ci/nmole).
The product of translation was identified by carboxymethyl cellulose chromatography in 8 M urea (5) .
RESULTS
Efficiency of cloning
Blunt-end pBR322 was recircularized by T 4 ligase and used to transform to ampicillin resistance E.Coli HB 101; the effi-4 ciency of transformation was 5X10 colonies/pg. The same yield of transformed colonies was obtained with eg-dsDNA recombinant pBR322.
16 transformed colonies out of 900 were grown in L-broth, lysed and analyzed by gel electrophoresis (15) . The DNA was then transferred from the agarose gel by the Southern technique (17) and hybridized to P eg-cDNA. By this test only colony number 16 showed positive hybridization (see fig.1 ) together with plasniid p&G1 carrying the information for mouse p-globin chain.
In addition only colony number 16 showed positive hybridization with the same probe by conventional Grunstein-Hogness procedure. Restriction map of the recombinant plasmld As a first approach to the construction of a restriction map of the insert, the pBR322 recombinant plasmid was treated with restriction enzymes which recognize a hexanucleotide and are known to cleave the original pBR322 plasmid only once (22) .
The result of these digestions indicate that the recombinand plasmid is larger than the wild type pBR322 and that all these enzymes cut also the recombinant plasmid once. This shows that the inserted globin gene sequence does not contain any of the restriction sites for the enzymes tested (Hindlll, PstI, Aval, Sail, BamHl) with the exception of EcoRl. The cleavage of the recombinant plasmid by EcoRI suggests that the cDNA insert contains an EcoRI site, because during the construction of the recombinant plasmid, pBR322 was EcoPI digested and repaired by DNA polymerase I treatment. This procedure will reproduce the EcoRI site only if the base pair at the end of the insert is G-C in the correct orientation. To find out whether the inserted sequence contains an EcoRI restriction site, the recombinant plasmid was treated with Hinfl and with EcoRI, both separately and together. The largest Hinfl fragment of pBR322 (1631 base pairs according to ref.23) contains the EcoRi site, and it should therefore contain the insert. This large fragment is replaced in the HinfI-treated recombinant plasmid by two smaller fragments, 1060 and 915 base pairs respectively, the sum of which is 1975 base pairs, 344 base pairs in excess over the original pBR322. Thus, the insert is about 350 base pairs in size and it contains an Hinfl site (as shown in fig.2 ).
When the Hinfl digests were treated with EcoRl, the larger of these fragments remained unaltered, while the second largest (914 base pairs) was split into two fragments of 742 and 172 base pairs. These results suggest that the inserted globin specific DNA sequence contain also an EcoRI site. According to the map described by Sutcliff (23), the largest Hinfl fragment is cleaved by several restriction enzymes, at known positions. The Hinfl digest of the recombinant plasmid was treated with these enzymes and the digests were electrophoresed on 2.5% agarose gel. The ethidium bromide stained bands were matched to the autoradiographic pattern of hybridization to P eg-cDNA after the Southern transfer (see fig.3 for the enzymes Hindlll , Aval, BamHI , Sail, Hindu). The result of such analysis allows the construction of a restriction map which is shown in fig.4 . None of the enzymes tested (in addition to the above mentioned also TaqI, Hpall and Haelll) measurements, the inserted sequence is estimated to be about 230,000 daltons, 350 base pairs (see fig.4 ).
Identification of the globin chain encoded by the inserted sequence
Messenger coding for the mouse embryonic globins were hybridized to the recombinant plasmid; the non hybridized messengers (negative translation) and the hybridized messenger (positive translation) were isolated separately from the hybridization mixture and translated in a reticulocyte lysate protein synthesizing system. As it is shown in fig.5 the positive translation gives rise to only one chain, with the chromatographic behaviour of z chains (5) . In agreement, z chains are found absent in the negative translation product.
CONCLUSIONS
The technique of cloning DNA complementary to mRNAs has been used to purify and amplify DNA sequences coding for adult mouse (24) , adult rabbit (25), fetal and adult human (26) globin chains. The inserted sequences may be used as very specific probes in hybridization experiments (27) although they may not represent the entire length of the coding sequence, and clearly they are the best probes to use in experiments to purify 3S14 s C Fig.5 . Product of the cell-free translation product of embryonic globin messengers: (A) as such; (B) which failed to hybridize to the recombinant plasmid; (C) which hybridized to the recombinant plasmid. A mixture of four embryonic globin messengers was hybridized to the recombinant plasmid; the non-hybridized and the hybridized RNA were separately concentrated by ethanol precipitation and translated in a reticulocyte lysate protein synthesizing system, as indicated in methods. The product of translation ( S-labelled globins'were analyzed in a carboxymethyl-cellulose chromatographic system in 8 M urea, 10 mH mercaptoethanol in Na + gradient, as indicated in methods. Fractions were analyzed for conductivity (o o, us) and for trichloroacetic precipitable "s radioactivity (• • counts/min).
structural genes from complex genomes.
The recombinant plasmid described here was made from a double stranded deoxyribonucleotide synthesized from purified embryonic globin messenger inserted into pBR322 by blunt end ligation. The insert is 350 base pairs long, it contains restriction sites for both EcoRl and Hinfl and it codes for mouse embryonic z globin chains. Accordingly, the recombinant plasmid is najned pBR322-egz.
The inserted 350 base pairs may comprise the 3 1 terminal, therefore containing about 50 nucleotides of the non coding sequence and 300 nucleotides of the coding specific sequence. Alternatively, they may comprise the 5' terminal, and therefore the 150 nucleotides of the non coding sequence and 200 nucleotides of the coding specific secuence. In both extreme cases, the specific sequence (either 200 or 300 base pairs long) is sufficient to serve as a pure probe for the identification of both RNA and DNA sequences coding for mouse embryonic z globin and therefore for studying both the organization and the expression of mouse globin genes.
